Circadian metabolic responses to food deprivation were measured in Black-shouldered Kites (Elanus caeruleus) at thermoneutral and cold ambient temperatures. The basal metabolic rate (BMR) of the kites was 60-70% of that predicted by various allometric equations. They displayed marked circadian rhvthms of BMR and bodv temuerature (T,). but did _ . hypothesized that Black-shouldered Kites in southern Africa should show metabolic traits which are indicative of energy conservation. We tested the prediction that, to conserve energy in response to short-term food shortages, kites increase the amplitude of circadian cycles of MR and T, primarily by lowering the rest-phase MR and T, rather than the active-phase MR and T,.
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hypothesized that Black-shouldered Kites in southern Africa should show metabolic traits which are indicative of energy conservation. We tested the prediction that, to conserve energy in response to short-term food shortages, kites increase the amplitude of circadian cycles of MR and T, primarily by lowering the rest-phase MR and T, rather than the active-phase MR and T,.
METHODS
Four kites were used in this study. Two adult kites were trapped near Pietersburg, South Africa, during April 1996 using Bal-chatri raptor traps baited with mice. The birds were initially kept on arched perches outdoors (Mendelsohn 1981 ) under shade cloth during the day and indoors at night, using falconry jesses and leashes. In early May, they were transferred to outdoor aviaries where they were housed for the remainder of their time in captivity. Each bird was maintained in a separate aviary (3 X 1 X 2.5 m). In mid-May, a further two captive-bred sub-adults were obtained from a breeder near Pietersburg and housed in the same aviaries. The birds were acclimatized to natural conditions of temperature and photoperiod, and were fed day-old chicks and mice. All the birds were weighed every second day prior to feeding. A control diet of l-2 chicks or mice per day was continued until the commencement of food deprivation experiments. Water was available in the aviaries ad libitum, although the kites were not observed to drink. In August at the end of the study, the two wild-caught birds were released into the wild at their site of capture, whereas the captive-bred birds were transferred to the Centre for the Rehabilitation of Wildlife, Durban, for rehabilitation and possible release.
MEASUREMENT OF Th
Body temperature was measured using temperaturesensitive telemeters (Model XM, Mini-mitter Co., Sunriver, Oregon), calibrated and implanted as described in Boix-Hinzen and Lovegrove (1998).
METABOLIC MEASUREMENTS
Metabolic rate was measured indirectly as oxygen consumption (VO,). All metabolic measurements were made in 17.5 dm' respirometers (35 X 20 X 25 cm) constructed from clear Plexiglas. The respirometers were placed in a 1 rn' sound-proof constant environment cabinet. The experimental photoperiod was matched to that of the natural. photoperiod prevailing at the time. Measurements of VO, were made using an open flow-through system as described in Boix-Hinzen and Lovegrove (1998). Flow rates of approximately 1.2 L min-' were used, so as to maintain < 1% oxygen depletion between the incurrent and excurrent air. Table 1 ). The RMR of control birds at 10°C was 1.1 -C 0.0 ml 0, g-l hr-' , which represented 186.6 t 45.3% of the BMR at 3 1°C and a significant increase (Z = 0.01, Table 1 ). No significant decrease in RMR occurred when the birds were deprived of food at 10°C (Z = 0.10, Table 1 ). The circadian amplitude of 0, (Rv,,) at 31°C was 1.4 -C 0.5 ml 0, g-l hrr in fed birds and did not change significantly in starved birds (Z = 0.17, Table 1 ). The Rvo? of control birds at 10°C was similar to that of starved birds at the same temperature (Z = 0.18).
CIRCADIAN PATTERNS OF ENERGY EXPENDITURE
The daily energy expenditure (DEE) was calculated simply as the total energy consumption over a 24-hr period within the respirometers. The DEE of starved birds at 31°C decreased significantly (Z = 0.05) by 18.2 + 16.1% below that of control birds. Rest-phase (p) energy expenditure also showed a significant decrease (Z = 0.02, Table 1 ).
At 10°C the DEE of starved birds was significantly lower than that of control birds (Z = 0.08, Table 1 (39.0 -C 0.9"(Z), whereas the mean cuT, was 1.14"C higher than the mean 01 value for Falconiformes. The amplitude of circadian cycles of T, was considerably higher than predicted, being on average 276% of the values calculated from Aschoff' s (1982) equation for nonpasserines. This high R, value was generated by low rest-phase body temperatures, and alludes to a low BMR and the decreased energy expenditure discussed below.
Lovegrove and Heldmaier (1994) have argued that a large R, may be indicative of energy conservation during the rest phase, for example by a depressed BMR, and is likely to be highly adaptive in regions in which resource availability is temporally and spatially unpredictable. 
METABOLIC RATE

RESPONSES TO FOOD DEPRIVATION
The results of the food deprivation trials show that whereas a slight decrease in mean T, did occur, this involved decreases in both cxTh and pT,, rather than an increase in R, generated by our predicted depression of rest phase T,. There was no indication of controlled hypothermia as previously defined and discussed by Prinzinger et al. Although a decreased BMR associated with food deprivation at T, = 31°C was consistent with our initial prediction, the decreased amplitude of circadian VO, cycles was unexpected. The reduced amplitude was generated by a greater decrease in aVO,max (22.3%, Table 1) than that of the BMR (16.9%, Table 1 ). Although RMR did not decrease when the birds were food-deprived at T, = 10°C significant reductions in circadian energy expenditure occurred at both ambient temperatures. Thus, under the experimental conditions of this study, food deprivation tended to cause general reductions in metabolism, manifested as significant decreases in DEE. The decrease in BMR at T, = 31°C was similar to that observed in American Kestrels by Shapiro and Weathers (1981) . Although this decrease in BMR was an acute, proximate response under laboratory conditions, such a response is likely to be adaptive for kites under natural conditions because it decreases the energy requirements of food-stressed birds.
A switch from carbohydrate or mixed-fuel metabolism to fat metabolism during food deprivation should slightly overestimate BMR in starved birds, because fat supplies 19.7 kJ L-' 0, compared, for example, with 20.9 kJ L-l 0, for carbohydrate (Withers 1992). Although mass loss does not necessarily reflect fat loss alone, this is apparently the case in Tengmalm' s Owl Aegolius funereus (Hohtola et al. 1994 ). If we assume that the weight loss displayed by the kites during food deprivation is indicative of fat metabolism, then the maximum possible increase in BMR (ca. 6%) would have occurred if metabolism shifted from that of pure carbohydrate to pure fat metabolism. In other words, to meet the same basal energy demands, oxygen consumption would have increased if fat was the sole metabolic fuel, suggesting that observed BMR values of starved birds could be maximally overestimated by ca. 6% in food-deprived birds. Although this strengthens the conclusion that a significant reduction occurs in BMR at 31°C the subtraction of 6% from the RMR values of starved birds at 10°C does not change the conclusion that there was no significant reduction in RMR between fed and food-deprived birds.
One major observation of this study was that Blackshouldered Kites do not appear to employ controlled hypothermia in response to energetic stresses. This is interesting in light of the hypothermia which many diurnal raptors exhibit (Heath 1962 , Chaplin et al. 1984 ). The metabolic patterns of E. caeruleus were, however, similar to those of Tengmalm' s Owl (Hohtola et al. 1994 ). These latter authors suggested two factors accounting for the lack of hypothermia in this species. Firstly, the efficient conversion of digested food into fat deposits may increase tolerance to food deprivation, as discussed by Cherel and Le Maho (1985) . No assessment of fat deposits in E. caeruleus was attempted, but it was observed that the birds were capable of large increases in M, if fed ad libitum (M,s of up to 306 g were recorded). If we reasonably assume that these changes in body mass involved changes in fat mass rather than lean body mass, then Black-shouldered Kites seem to be adapted to food deprivation (sensu Cherel and Le Maho 1985) .
Secondly, dependence on metabolic water may preclude the use of hypothermia and concomitant hypothermia. Like A. jiinereus, kites do not drink in the wild, and although water was available to the birds in our study, they were not observed to drink. Consequently, starved kites are dependent on metabolic water, and the lack of hypothermia may arise from the need to avoid dehydration.
Another possible explanation for the lack of hypothermia and hypometabolism may concern the low BMR of E. caeruleus. Whereas the high BMRs of raptors such as A. funereus are antagonistic to fasting cndurance (Hohtola et al. 1994) , the low BMR of E. caeruleus offers opportunities for significant savings in energy expendit&e. It would appear that periods of limited food availabilitv have selected for low BMRs together with high R, talues in this species. Such tolerance to food deprivation seems to have been selected for to the extent that the birds involved in this study did not need to utilize hypometabolism in response to the levels of energetic stress to which they were exposed.
Finally, the energetic costs and time required for arousal from hypothermia increase exponentially with M, (Withers 1992). In E. caeruleus, hypothermia and hypometabolism would incur energy costs associated with arousal far greater than in smaller species, limiting possible energy savings and hence the adaptive value of these physiological mechanisms. 
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